Introduction
Lupus erythematosus (LE) is a common autoimmune disease that manifests in systemic and cutaneous forms. The disease is caused by a complex interplay of genetics, environmental factors, hormones, and ethnicity. The resultant morbidity and mortality has a significant impact on patients' quality of life.
Epidemiology
Women have a higher incidence of cutaneous LE (CLE) and systemic LE (SLE) across all age brackets and ethnicities. Peak incidence is typically seen mid-adulthood, but initial onset occurs later in affected men (Rees et al., 2017b; Vera-Recabarren et al., 2010) . In Australia, the highest incidence of SLE is seen in Indigenous Australians and Australians with a South-Asian background (Grennan and Bossingham, 1995; Segasothy and Phillips, 2001) . In Central Australia, Indigenous Australians are 3.8 times more likely to develop SLE than their Caucasian counterparts (Segasothy and Phillips, 2001) . Indigenous Australians are reported to have reduced incidence of CLE, but this may be due to difficulties diagnosing the condition in patients with darker skin types (Segasothy and Phillips, 2001) .
Pathogenesis of lupus erythematosus
LE is driven by dysfunction within the adaptive and innate immune system, beginning with a loss of self-tolerance in the adaptive immune system through the production of autoantibodies. These antibodies inappropriately react to the self-antigens present in cellular debris after apoptosis, resulting in activation and recruitment of T and B cells and production of immune complexes, which cause direct tissue injury. A number of proinflammatory signaling pathways are upregulated in patients with LE, which results in increased cytokine activity. The innate immune and complement systems are also pivotal for pathogen clearance, recognition of foreign antigens, and removal of apoptotic cells. Dysfunction in these two systems further drives LE manifestations.
In addition to the roles of genetics and sex in CLE, a number of potential environmental triggers have been identified. Many common medications have been linked to SLE and CLE (Table 1) . Smoking is linked with increased CLE disease activity and poorer response to antimalarial treatment (Bockle and Sepp, 2015; Chasset et al., 2015) . There is also a strong association between CLE disease activity and ultraviolet (UV) radiation. Exposure to UV light induces and exacerbates cutaneous lesions and can potentiate the symptoms of arthralgia and fatigue in patients with systemic symptoms (Kuhn et al., 2005) .
CLE has occasionally been linked to malignancy. Discoid LE (DLE) can be associated with scar carcinomas. Subacute LE (SCLE) in particular can be a paraneoplastic phenomenon and is associated with solid and nonsolid organ tumors (Kuhn et al., 2017a) . A Swedish study of 3663 patients with CLE demonstrated an increased risk of lymphoma, nonmelanoma skin cancer, buccal cancer, and lung cancer and an increased risk of malignancy overall (hazard ratio: 1.8; Gronhagen et al., 2012) . Diagnosis should prompt a malignancy screen in older patients.
Classification of cutaneous lupus erythematosus
Cutaneous features, which occur in 75% to 80% of all patients with LE (Vera-Recabarren et al., 2010) , are classified as specific or nonspecific cutaneous manifestations. Specific cutaneous lupus can be further classified into acute cutaneous LE (ACLE), SCLE, chronic cutaneous LE (CCLE), and bullous LE. Within CCLE are further subtypes, including discoid LE (DLE), lupus profoundus (LP), lupus tumidus (LET), and chilblain lupus. Similar histology findings are seen in ACLE, SCLE, and CCLE, and differentiation among these subtypes is not possible with histology alone. These findings are also commonly seen in dermatomyositis, and a careful clinical examination is required to make a diagnosis.
The clinical manifestations and prognosis differ between the different categories of CLE. Approximately 25% of all patients with CLE progress to systemic disease; however, almost 100% of patients with ACLE progress to systemic disease, compared with only 5% of patients with CCLE and 30% of patients with SCLE (Vera-Recabarren et al., 2010) . Patients with generalized DLE are at a higher risk of progressing to systemic disease than those with a localized variant (Lee, 2008) .
Acute cutaneous lupus erythematosus
ACLE is typically confined to the face with malar erythema but can extend to a generalized distribution. The classical malar rash manifests as symmetrical erythematous plaques across the malar eminences and nasal bridge, with sparing of the nasolabial folds.
The generalized variant involves a morbiliform or exanthematous eruption, which is worst on the extensor surfaces of the arms with sparing of the knuckles. When the trunk is involved, a triangular pattern of lesions is often observed.
There is also a rare subtype of ACLE that presents with bullous lesions and mucosal involvement, mimicking toxic epidermal necrolysis. The lesions associated with ACLE are nonscarring but can develop postinflammatory pigment changes. The cutaneous disease activity tends to flare in parallel with the systemic manifestations of the disease. ACLE's histopathology demonstrates an interface dermatitis, with mild focal vacuolar alteration of the basal layer. There is usually mucin in the upper dermis with follicular plugging, but epidermal thickening is uncommon.
Subacute cutaneous lupus erythematosus
SCLE is characterized by a nonscarring photosensitive eruption with psoriasiform or annular lesions on the face, V area of the neck, or extensor surfaces of the arms and upper back ( Fig. 1 ). Less commonly, SCLE can present in an acral distribution as exfoliative erythroderma or with vesiculobullous lesions at the periphery of plaques. SCLE is associated with positive Ro/SSA antibodies and can overlap with other autoimmune disorders, such as Sjögren syndrome, rheumatoid arthritis, and Hashimoto's thyroiditis. Histopathology is similar to that seen in other CLE subtypes and demonstrates interface dermatitis with vacuolar alteration of basal keratinocytes with areas of lichenoid dermatitis. Mucin deposition is seen in conjunction with perivascular and periadnexal mononu-clear cell infiltrate. The classic features of follicular plugging, dermal melanophages, and hyperkeratosis seen with DLE may be present, but to a lesser extent.
Patients with SCLE who develop systemic disease tend to have milder symptoms, limited to joint involvement. Severe disease (e.g., lupus nephritis or central nervous system manifestations) is seen in < 10% of SCLE cases (Okon and Werth, 2013) .
Chronic cutaneous lupus erythematosus
DLE is the most common subtype of CCLE and presents with characteristic indurated discoid lesions with an overlying scale, predominantly on the face and scalp (Fig. 2) . Scarring alopecia associated with DLE should be distinguished from nonscarring alopecia associated with SLE. Less common variants include hypertrophic DLE, which affects the extensor surface of the arms, and acral and mucosal variants.
The classic carpet tack sign (or tin tack sign) is commonly present in DLE lesions, whereby keratotic spikes, similar in appearance to carpet tacks, are seen on the underside of the adherent scale when it is lifted. DLE has the potential for significant scarring and postinflammatory hypo-and hyperpigmentation. Longstanding lesions can develop squamous cell carcinoma.
The histopathology of CCLE is variable, with marked hyperkeratosis, interface dermatitis, thickening of the epidermal basement membrane, mucin deposition, perivascular and periappendageal lymphocytic infiltrate, and the presence of melanophages. The inflammatory infiltrate is denser than that seen in SCLE or ACLE, and scarring lesions may show dermal fibroplasia. LP is a subtype of CCLE in which the inflammatory infiltrate lies in the lower dermis and subcutaneous tissue and presents as nodular lesions that are approximately 1 to 3 cm in diameter, with tethering of the overlying skin. If confined to subcutaneous tissue only, the disease is referred to as lupus panniculitis.
Chillblain lupus, another subtype of CCLE, presents as purpuric patches and plaques on acral surfaces and face that are aggravated by cold. They also often have concurrent DLE lesions and develop scarred atrophic plaques with telangiectasia as the lesions progress. Another subtype of CCLE is LET, which presents with edematous urticarial plaques that affect the face and trunk. Histology reveals periadnexal and perivascular inflammation and mucin deposition. LET is not typically associated with interface dermatitis and is clinically more photosensitive than other subtypes of CLE. LET resolves without scarring and is less likely to progress to systemic disease, with affected patients often having a normal autoantibody profile. Generally, LET has a better prognosis than other CLE subtypes, and lesions can spontaneously resolve within days or weeks of onset (Kuhn et al., 2005) .
Nonspecific manifestations of lupus erythematosus
Nonspecific cutaneous manifestations are clinical signs that are secondary to the LE disease process but do not involve interface dermatitis. These include vascular lesions, such as leucocytoclastic vasculitis, Raynaud's, and livedo reticularis. These lesions are not specific to LE and can be seen in other autoimmune conditions. Nail changes, such as nailfold erythema, telangiectasia, clubbing, paronychia, pitting, leukonychia striata, and oncholysis, can be seen in all variants of CLE as well as SLE.
Drug-induced cutaneous lupus erythematosus
Approximately 10% of SLE cases are related to drug-induced lupus, where symptoms begin after exposure to a triggering medication (Chang and Gerschwin, 2011) . The identification of the drug precipitant can be difficult due to delayed disease onset occurring months to years after initial exposure, but it is clinically very useful because symptoms will resolve after cessation of the medication (Chang and Gerschwin, 2011) .
Drug-induced LE can be subdivided into drug-induced SLE, drug-induced SCLE, and drug-induced CCLE. Drug-induced LE is associated with >80 medications, and this number is increasing with the advent of biologics and other immunological therapies (Dalle Vedove et al., 2012a) . The incubation period for onset of disease varies widely and is drug dependent.
The most common subtype of drug-induced LE is drug-induced SCLE, which commonly presents with lesions similar to idiopathic SCLE (erythematous plaques with or without scale in a photosensitive distribution). However, these lesions tend to be more limited in number and more likely to affect the legs (Lowe et al., 2010) . The histologic findings are also similar between idiopathic and drug-induced SCLE, and it is associated with positive ANA and Anti-Ro/Anti-La antibodies. Drug-induced SCLE is associated with a wide number of medications (Table 1) but is most commonly seen with antifungals, antihypertensive drugs, diuretics, statins, and proton pump inhibitors (Dalle Vedove et al., 2012a; Lowe et al., 2010) .
Patients with drug-induced SLE do not develop typical CLE skin manifestations or interface dermatitis and often have nonspecific LE cutaneous manifestations instead. Affected patients usually have concurrent systemic symptoms, such as fever, arthralgia, and myalgia (Chang and Gerschwin, 2011) . Drug-induced SLE is strongly associated with a positive ANA and antihistone antibodies, but the characteristic serological findings of SLE, such as hypocomplementemia and positive anti-dsDNA antibodies, are less common. Chemotherapy and biologic agents, antiarrhythmics, antihypertensive medications, antipsychotics, and antibiotics are the most common precipitating medications (Table 1; Dalle Vedove et al., 2012a) .
Drug-induced CCLE can be further divided into DLE and LET subtypes, both of which are rare. These subtypes are associated with nonsteroidal antiinflammatory drugs, chemotherapy agents, and antitumor necrosis factor (TNF) alpha agents (Dalle Vedove et al., 2012a) . Drug-induced LE induced by anti-TNF alpha agents is distinct from classic drug-induced LE and occurs in an older, predominantly female population. These patients frequently have systemic symptoms, such as fever, myalgia, arthralgia, and serositis, and more commonly experience cutaneous manifestations (Chang and Gerschwin, 2011) . Anti-dsDNA antibodies are often present in this group (Chang and Gerschwin, 2011; Dalle Vedove et al., 2012a) .
Neonatal lupus
Babies of mothers with anti SSA/Ro antibodies may develop neonatal lupus, which presents with lesions similar to SCLE in a photosensitive distribution that mainly affect the face in the periorbital region. Despite the classic photosensitive distribution, the lesions do not necessarily have preceding sun exposure and lesions may be present at birth. These lesions are nonscarring but may heal with dyspigmentation and telangiectasia. Neonatal lupus should be recognized early given the associated risk of congenital heart block, cardiomyopathy, hepatobiliary disease, and cytopenias. Heart block is the most common of these complications, and two thirds of affected babies go on to require a pacemaker (Lee, 2004) . Hepatobiliary disease and cytopenias are both present in approximately 10% of cases (Lee, 2004) . These comorbidities may be present at birth or develop during the first months of life.
Coexisting conditions
Patients with LE often have concurrent chronic urticaria, but the pathogenesis behind this is poorly understood (Costner and Sontheimer, 2008) . LE is also associated with cutaneous mucinosis, lichen planus, acanthosis nigricans, acquired ichthyosis, cutis laxa, and interstitial granulomatous dermatitis.
Clinical scoring tools
The Cutaneous Lupus Erythematosus Disease Area and Severity Index (CLASI) has been developed to assist physicians in monitoring patients with CLE and their response to treatment (Jolly et al., 2013) . CLASI score is calculated based on the scoring of erythema, scale, and the presence of mucous membrane lesions or nonscarring alopecia, ranging from 0 to 70. Affected areas of the skin that are routinely visible, such as the face, are given higher scores with the CLASI. The CLASI has been validated against the Safety of Estrogens in Lupus Erythematosus National Assessment-Systemic Lupus Erythematosus Disease Activity Index, Systemic Lupus International Collaboration Clinics-American College of Rheumatology Damage Index, and LupusPRO scoring systems. Jolly et al. (2013) demonstrated a strong correlation between the CLASI and these existing LE indices.
The CLASI is useful in clinical practice as an objective measure of clinical response and is used in clinical trials. The CLASI has been validated for all subtypes of CLE, except for bullous lupus and lupus panniculitis, both of which are rare (Bonilla-Martinez et al., 2008; Jolly et al., 2013) 
Diagnosis of cutaneous lupus erythematosus
The diagnosis of CLE is made using a combination of clinical assessments, serologic testing, and histopathologic findings. Histologic findings in each subtype of specific CLE lesions are explored in Table 2 , but histology alone cannot differentiate among the subtypes.
The American College of Rheumatology classification system includes the universally accepted criteria for the diagnosis of LE (Hochberg, 1997) . The system consists of 11 clinical and laboratory criteria and assesses all potential manifestations of LE. However, this is a general score for all manifestations of LE and is not always useful in assessing patients with CLE without systemic involvement.
Researchers have since proposed alternative classification systems for the diagnosis of CLE. Gilliam and Sontheimer initially proposed the classification of LE lesions into specific lesions, which are further categorized into ACLE, SCLE, CCLE (and its variants), and bullous LE, and nonspecific lesions, such as urticaria or vasculitis (Kuhn et al., 2005; Sontheimer et al., 1979) . From there, further classification systems have been described that expand on the work of Gilliam and Sontheimers. The most recent suggested classification system is the Dusseldorf classification created by Kuhn, which made small changes to already classified subsets (Kuhn and Landmann, 2014) .
Autoantibody testing is useful in both the diagnosis and monitoring of CLE. ANA is typically positive in SLE at moderate-to-high titers and positive in 60% to 80% of patients with CLE (Costner and Sontheimer, 2008) . Patients with ACLE often have serologic profiles similar to those of patients with SLE, including positive ANA, dsDNA, and hypocomplementaemia test results. Patients with SCLE have anti-SSA/Ro antibodies (70%-90% of patients), anti-SSB/La in (30%-50% of patients; Costner and Sontheimer, 2008) , and anti-dsDNA (5% of patients; Okon and Werth, 2013) . Anti-histone antibodies are typically elevated in drug-induced CLE and may be useful in differentiating between drug hypersensitivity and classic CLE. Patients with CCLE have a lower incidence of positive ANA and other autoantibodies compared with other subtypes of CLE (Okon and Werth, 2013; Vasquez et al., 2012) .
Differential diagnoses
The differential diagnosis for CLE varies depending on the appearance of the lesions and other systemic symptoms that may be present. In annular lesions of SCLE, granuloma annulare, erythema annulare centrifugum, and erythema gyratum repens should be considered. For papulosquamous eruptions of SCLE, the differential includes psoriasis and its photosensitive variant or photoallergic drug eruption. The generalized lesions of ACLE may be confused with drug hypersensitivity, phototoxic or photoallergic drug eruptions, viral exanthems, or dermatomyositis. Localized LE lesions include a differential of rosacea, dermatomyositis, polymorphic light eruption, photoallergic contact dermatitis, or seborrheic dermatitis. The clinical presentation and histologic findings of DM and LE are often identical, requiring other elements to aid in the diagnosis (e.g., history of muscle weakness), subtle clinical signs (e.g., involvement of nasolabial fold or a heliotrope rash), antibodies, and further investigations (e.g. magnetic resonance imaging or muscle biopsy). The correct diagnosis is important because dermatomyositis has potential medical co-morbidities and can be associated with malignancies that require screening.
Early in the onset, DLE lesions can appear similar to polymorphic light eruptions, sarcoidosis, granuloma faciale, lymphoma cutis, SCLE, and pseudolymphoma. In the later stages, discoid lesions of DLE can be mistaken for actinic damage or nonmelanoma skin cancers, such as squamous cell carcinoma and keratoacanthomas. Fully developed DLE lesions can also mimic hypertrophic lichen planus. Biopsy testing can help differentiate and should especially be performed in asymmetric longstanding discoid lesions due to the risk of nonmelanoma skin cancer masquerading as CLE.
Treatment options
A multidisciplinary team consisting of dermatologists, rheumatologists, nephrologists, and general practitioners is key for the optimal management of patients with systemic symptoms. Patients with cutaneous findings alone can be treated and monitored by their dermatologist. 
Preventative measures
Photoprotection including broad-spectrum sunscreens, a broad brimmed hat, and long-sleeved clothes are essential for patients with CLE. In a study of 128 patients with cutaneous LE, 43% of participants developed lesions after exposure to UV-B and UV-A radiation (Lehmann et al., 1993) . Broad-spectrum sunscreen, ideally with a physical blocker, can prevent the development of CLE lesions (Okon et al., 2014) and should be applied 20 to 30 minutes prior to sun exposure daily. Vitamin D reduction due to sun avoidance can be restored with oral replacement. Vitamin D replacement may improve disease severity in addition to its benefits for bone health (Gronhagen et al., 2016) .
Patients should be encouraged to stop smoking because smoking increases disease activity associated with CLE and SLE (Bockle and Sepp, 2015) and reduces the efficacy of antimalarial therapy (Chasset et al., 2015) . In drug-induced cases of LE, the causative drug should be promptly identified and ceased.
Topical therapy
In mild cases of CLE, topical treatment and preventative measures alone may be sufficient for disease control. Topical corticosteroids are traditionally first-line treatment for CLE and are very effective at minimizing the erythema and scales associated with the disease (Sigges et al., 2013) . However, the long-term application of potent topical corticosteroids on the face has potential side effects, including atrophy and telangiectasia, which limits their use.
An alternative treatment for CLE is topical calcineurin inhibitors, such as tacrolimus and pimecrolimus. A randomized controlled trial of 38 patients with CLE demonstrated that tacrolimus 0.1% is effective in this group . These agents can be combined with topical steroids, and tacrolimus with clobetasol propionate has been shown to be successful (62% of participants) in achieving good or excellent improvement of lesions in previously treatment-resistant CLE and reduced the incidence of telangiectasia (Madan et al., 2009 ). Unfortunately, DLE may be refractory to topical steroids and calcineurin inhibitors, given the thick and scaly nature of these lesions.
Intralesional steroid injections can be used for localized disease, particularly the DLE subtype (Chang and Werth, 2016) . Intramuscular corticosteroid injections can also be used. In a cohort of 50 patients, intramuscular corticosteroid injections were as efficacious as oral corticosteroid therapy and achieved a more rapid initial response rate (Conti et al., 2016; Danowski et al., 2006) .
Antimalarials
Antimalarials such as hydroxychloroquine, quinacrine, and chloroquine are the first-line systemic therapy of choice in CLE. Responsiveness to antimalarial therapy has been shown to vary across disease subtypes. A meta-analysis of 1990 treatment courses between 1965 and 2005 showed an overall response rate of 63%, but a 91% response rate in ACLE and only 31% in chilblain lupus (Chasset et al., 2017) .
Patients can cycle from one antimalarial to another due to poor tolerance of the treatment or ineffectiveness. A recent study of 64 patients with CLE examined the effectiveness of switching from hydroxychloroquine to chloroquine due to intolerable side effects or ineffectiveness . Of the participants who switched secondary to inadequate treatment response, 56% were responders to the second antimalarial agent at 3 months . This effect was not maintained long term, however, with 42% responding at 1 year and 22% at 2 years . Participants who had discontinued treatment due to adverse events had a higher incidence of adverse events with the second antimalarial agent (31% vs. 12%). Combinations of antimalarials can also be used, except for hydroxychloroquine and chloroquine, which have an additive risk of retinopathy when combined (Ang and Werth, 2005) . A study of 11 patients demonstrated a 67% response rate to hydroxychloroquine and quinacrine in patients who failed on hydroxychloroquine monotherapy .
Common adverse events associated with antimalarial therapy include cutaneous eruptions, gastrointestinal upset, mucocutaneous pigment changes, neurological events (dizziness and headache), peripheral neuropathy, and ototoxicity. Retinopathy was seen with hydroxychloroquine and chloroquine, and the incidence of retinopathy is approximately 1%. The incidence increases with duration of therapy and is dose-dependent. Chasset et al have suggested a daily dose of 5 mg/kg or less to balance therapeutic efficacy and risk of retinopathy, and this group showed a 2% incidence of retinopathy after 10 years of therapy . Baseline ophthalmological examinations should be performed prior to the commencement of therapy and then annually after 5 years.
Treatment-refractory disease
A number of immunosuppressive medications can be useful after failure of topical therapies and antimalarial therapy in CLE, including dapsone, oral vitamin A derivatives, oral corticosteroids, methotrexate, mycophenolate mofteil (MMF), azathioprine, cyclophosphamide, and cyclosporine. These drugs can be used as monotherapy, in combination with antimalarial therapy, or in combination with each other.
Regular monitoring for drug-specific side effects, such as myelosuppression and hepatotoxicity, needs to be performed while patients are receiving these agents. Given the risk of adverse effects associated with these agents, current European guidelines for the treatment of CLE only recommend methotrexate and MMF and advise against the use of cyclosporine, cyclophosphamide, and azathioprine in patients with CLE without systemic involvement (Kuhn et al., 2017a) .
Oral vitamin A derivatives
Oral retinoids have been used successfully as treatment for refractory CLE. Acitretin was shown to be comparably effective to hydroxychloroquine in a double-blinded randomized controlled trial (RCT; Ruzicka et al., 1992) , and both isotretinoin and alitretinoin have been used successfully in small case series (Kuhn et al., 2012; Vena et al., 1989) . Patients on retinoid therapy need to have regular blood testing due to the risk of hepatotoxicity and deranged lipids. Counseling and contraception must be given to women of childbearing age given the teratogenic effects of the therapy.
Dapsone
Dapsone possesses antimicrobial and antiinflammatory properties and was shown to induce remission or significant clinical improvement in >50% of patients when used in combination with antimalarial therapy or alone (Klebes et al., 2016) . Of note, dapsone was effective in 60% of participants with DLE, a clinical subtype that is classically resistant to therapy (Klebes et al., 2016) .
Systemic corticosteroid therapy
Systemic corticosteroid therapy can be useful in the treatment of CLE, particularly for flares of disease. This therapy can also be useful as a bridging therapy for patients with severe disease while waiting for steroid-sparing agents to take effect. When used for flare treatment or bridging therapy, clinicians should aim to taper the dose to cessation and introduce steroid-sparing therapies. In a prospective cohort study, oral corticosteroids had the highest response rate of all systemic therapies (94.3%) and were the most successful in the ACLE subtype (Sigges et al., 2013) . Long-term use is limited by the side effect profile, which includes weight gain, insulin resistance, and osteoporosis.
Methotrexate
A retrospective study of 43 patients with CLE was performed using methotrexate (15-25 mg weekly), and 98% of participants showed a clinical response (Wenzel et al., 2005) . However, 16 of the 43 participants (37%) had to discontinue methotrexate prior to study completion due to treatment-related side effects. Cyclosporine has been used in combination with methotrexate to good effect and may allow lower dosing when used in combination (Klein et al., 2011) .
Mycophenolate mofetil
MMF has been shown in small case studies to be effective in SCLE, chilblain LE, and discoid LE (Okon and Werth, 2013) . A retrospective analysis of 24 patients with treatment-resistant CLE showed some clinical response in all patients and resolution or near resolution of disease activity in 62% of patients (Gammon et al., 2011) . MMF in combination with hydroxychloroquine has been trialed successfully in a small case series of three cases (Sadlier et al., 2012) .
Azathioprine
Case reports have shown successful treatment of DLE lesions with azathioprine (Okon and Werth, 2013) ; however, there are no controlled trials to support routine use in CLE. Azathioprine has been used successfully during pregnancy in patients with SLE (Murase et al., 2014; Saavedra et al., 2015) .
Cyclosporine
Cyclosporine with hydroxychloroquine has been used successfully in a patient with refractory SCLE with concurrent lichen planus (Grabbe and Kolde, 1995) and another patient with refractory tumid lupus (Saeki et al., 2000) . However, cyclosporine was shown to be ineffective in six refractory DLE cases .
Cyclophosphamide
Cyclophosphamide has been used successfully in six patients with refractory CLE, achieving complete remission in four patients and partial remission in two patients (Raptoopoulou et al., 2010) . Cyclophosphamide achieved an excellent clinical response in five of nine patients with DLE in a prospective trial (Schulz and Menter, 1971) .
Intravenous immunoglobulin
Intravenous immunoglobulin (IVIG) has been described in case reports and a single case series as effective for treatment refractory CLE (Espírito Santo et al., 2010; Genereau et al., 1999; Goodfield et al., 2004; Kreuter et al., 2005; Ky et al., 2015; Lampropoulos et al., 2007; Piette et al., 1995) . The most frequently observed adverse events are headache and fever, which can be mitigated with premedication and trials of different formulations of IVIG (e.g., privigen, flebogamma, and intragam; Bonilla, 2008) . There is significant cost involved in the administration of IVIG as an infusion as well as the drug itself, which limits its widespread use.
B cell-targeted therapies B cells play a significant role in the pathogenesis of LE, and rituximab has been identified as a potential treatment for refractory disease. Rituximab is a monoclonal anti-CD20 antibody and induces B-cell suppression. In a study of rituximab in 26 patients with CLE, only 9 (35%) had a response to treatment at the 6month follow up (Vital et al., 2015) . The highest response rates were seen in ACLE (43%) compared with CCLE (0%). Unfortunately, 12 patients had a flare of the disease after treatment, and 9 of the 26 patients developed new SCLE or CCLE lesions after treatment with rituximab.
Another cohort study was performed with 17 patients with SLE who had cutaneous disease and demonstrated a 53% response rate in previously refractory patients at 6 months (Hofmann et al., 2013) . This cohort also showed more favorable results in ACLE and SCLE subtypes, and less than one third of patients with CCLE responded to treatment. Two large RCTs have been performed using rituximab in patients with SLE (EXPLORER and LUNAR trials), and both failed to reach their primary endpoint (Hofmann et al., 2013; Merrill et al., 2010; Rovin et al., 2012) . At this stage, the role for rituximab in CLE in unclear, and further clinical trials with long-term follow up are needed to assess the efficacy and quantify the risk of flares or induction of new CLE lesions with rituximab.
Belimumab is a monoclonal antibody that blocks B lymphocyte stimulators to suppress the activity of B cells. Belimumab was studied in five patients with SLE and cutaneous manifestations, and each patient had a marked clinical response to treatment, with a 14-point reduction in CLASI score (Vashisht et al., 2016) . A steroid-sparing effect was also observed with a reduction in mean prednisone dose from 31 mg to 3 mg.
Cytokine modulators
A phase II RCT assessing ustekinumab, an interleukin (IL)-12 and IL-23 inhibitor, in patients with SLE demonstrated a statistically significant reduction in CLASI score (van Vollenhoven et al., 2018) . A phase I trial was completed to evaluate the safety of sirukumab, an anti-IL-6 antibody, and demonstrated a reasonable safety profile (Vashisht et al., 2016) . The promising results of Syk inhibitors in SLE have suggested a role for them in refractory CLE (Deng and Tsokos, 2016) .
Fumaric acid esters
Fumaric acid esters (monoethylfumrate and dimethylfumrate) are effective in CLE (Kuhn et al., 2016; Saracino and Orteu, 2017) . A recent open-label phase II study demonstrated an improvement in disease activity in 11 patients treated with monoethylfumrate and dimethylfumrate for 9 weeks but did not meet the primary endpoint of 50% reduction in RCLASI score (Kuhn et al., 2016) . The most frequent adverse events with fumaric acid esters are gastrointestinal side effects (e.g., abdominal cramping, nausea, and diarrhea).
Thalidomide
Thalidomide has been used to treat CLE in severe refractory cases. However, thalidomide is associated with a significant risk of peripheral neuropathy, and this requires close monitoring. A Chinese study of 69 patients was performed to identify the lowest effective dose of thalidomide and demonstrated an optimal response rate (71%) at 50 mg daily (Wang et al., 2016) . In a prospective study of 60 patients with refractory CLE treated with 100 mg thalidomide daily, 98% achieved a clinical response. The rate of relapse after cessation was high in this group (70%). Eighteen percent of the participants developed paraesthesia, and 45% were found to have a sensory neuropathy on nerve conduction studies (Cortes-Hernandez et al., 2012) .
A recent meta-analysis of 21 studies of thalidomide in CLE showed a pooled response rate of 90% but a high relapse rate of 71% . Peripheral neuropathy was seen in 16% of pooled participants; however, only 4% had persistent symptoms after cessation of thalidomide .
Lenalidomide
Lenalidomide has also been shown to be effective in patients with CLE (Okon et al., 2014) and is promising because lower rates of adverse effects were observed than with thalidomide. In a prospective open-label trial of five participants with refractory CLE, a clinically important difference in CLASI was seen. Lenalidomide was well tolerated in four patients; however, one patient developed arthralgia and new-onset proteinuria (Okon et al., 2014) . Given the risk of significant adverse events, in particular the risk of permanent peripheral neuropathy, thalidomide and lenalidomide should be reserved for severe refractory cases.
Nonpharmacological management
Pulsed dye laser has shown promising results in small retrospective studies of CLE. Two prospective studies of 26 patients demonstrated an improvement in CLASI scores in patients with mild disease (Erceg et al., 2009) and improvement in flare activity with photodynamic therapy in 10 patients with LET (Truchuelo et al., 2012) . Given the photosensitive nature of CLE, there is a risk of flare in disease activity after treatment with pulsed dye laser. As such, pulsed dye laser is not currently recommended for the treatment of active CLE lesions, and European guidelines recommend its use be limited to the management of vascular lesions associated with LE (Kuhn et al., 2017a) .
Conclusion
Knowledge with regard to the pathogenesis of LE has progressed rapidly over the past decade, and with it has come promising new biologic agents for the treatment of CLE. Given the chronic disease course of CLE, long-term treatment-related side effects must be minimized, and the introduction of new steroid-sparing agents are encouraging in this regard. It is also pivotal that each subtype of CLE be considered individually, given their variance in clinical presentation, prognosis for systemic disease, and response to treatment. CLE, and CCLE in particular, can be a challenge for clinicians, but new insights are promising for the introduction of novel therapies for refractory patients.
